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collectively as the E33288 complex. 
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N-ACYL DERIVATIVES OF THE LL-E33288 ANTITUMOR ANTIBIOTICS 



This is a continuation-in-part application of copending Serial No. 004,154, filed January 30, 1987. 



SUMMARY OF THE INVENTION 



The invention describes the N-acyl derivatives of the a 2 Br , £i Br . 71 Br . a 2 \ fli 1 , 71 and 5i' components 
and of the N-acyl-di hydro derivatives of the a 2 Br , 0i Br , -yi Br , cr 2 ', fli 1 . 71 and 5 i' components of the LL- 
E33288 antibiotic complex prepared by reacting the antibiotic with an unsubstituted or substituted acid 
10 anhydride acyl cation equivalent or acid chloride. These N-acyl derivatives are effective antibacterial and 
antitumor agents. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Figure I: The proton magnetic resonance spectrum of N-acetyI-LL-E332885i l . 
Figure II: The proton magnetic resonance spectrum of N-formyl-LL-E332885i 
Figure III: The ultraviolet absorption spectrum of N-acetyl-LL-E332887i '. 
20 Figure IV: The infrared absorption spectrum of N-acetyl-LL-E33288-yi 

Figure V: The proton magnetic resonance spectrum of N-acetyl-LL-E332887i 
Figure VI: The carbon-13 magnetic resonance spectrum of N-acetyI-LL-E33288-yi 
Figure VII: The ultraviolet absorption spectrum of N-acetyl-dihydro-LL-E332887i 
Figure VIII: The proton magnetic resonance spectrum of N-acetyl-dihydro-LL-E332887i 

25 

DETAILED DESCRIPTION OF THE INVENTION 



The family of antibacterial and antitumor agents, known collectively as the LL-E33288 complex, ar 
30 described and claimed in copending U.S. Patent Application Serial No. 009,321, filed January 30, 1987 and 
are used to prepare the N-acyl derivatives of this invention. The above application describes the LL-E33288 
complex, the components thereof, namely, LL-E33288ai Br , LL-E33288a 2 Br , LL-E33288a 3 Br , LL-E33288a4 Br , 
LL-332880i Br , LL-E332880 2 Br . LL-E3328871 Br , LL-E33288on '. LL-E33288a 2 \ LL-E33288CX3 1 . LL-E33288j3i \ 
LL-E3328802 1 , LL-E3328871 ', and LL-E332886i\ and methods for their production by aerobic fermentation 
35 utilizing a new strain of Micromonospora echinospora ssp. calichensis or natural or derived mutants thereof. 
The proposed chemical structures of some of the above named components are disclosed in Serial No. 
009,321 and are reproduced in Table I below. 
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Table I 

Proposed Structures for the LL-E33288 Components 





Designation 

E33288C12 1 
E33288^ 1 I 
E33288-y * 
E33288£^ 
E33288a 2 Br 

Esazss^ 317 

E33288-r 1 Br 



R l 


R 2 


X 


H 


C 2 H 5 


I 


*3 


(CH 3 ) 2 CH 


I 


R 3 


C 2 H 5 


I 


R 3 


CH 3 


I 


H 


C 2 H 5 


Br 


R 3 


(CH 3 ) 2 CH 


Br 


R 3 


C 2 H 5 


Br 



As can be seen from the structures disclosed in Table I, the az** t 0i Br , 71 Br . «2', &\\ yi 1 . and 5*' 
components of the LL-E33288 antibiotic complex each contain a secondary amino group which is part .of a 
substituted 4-aminopentose unit. It has now been discovered that the reaction of any of the above 
components with an unsubstituted or substituted, saturated or unsaturated aikyl or aryl acid anhydride, acid 
chloride or acyl cation quivalent results in the introduction of an acyl moi ty on the secondary amino 
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group as shown in Scheme I below. 

H 

I <R-CO) B 0 R-CO R-CO 

R e -N-U -*> 1 » I 

R 2 -N-« R 2 -N-U (dihydro) 

Scheme I 



wherein W is the substituent attached to R2NH- of the aminopentose in Table I, R is hydrogen or a 
branched or unbranched alkyl (C1-C10) or aikylene (C1-C10) group, an aryl or heteroaryl group, or an aryl- 
alkyl (C1-C5) or heteroaryl-alkyl (C1-C5) group, ail optionally substituted by one or more hydroxy, amino, 
carboxy, halo, nitro, lower (C1-C3) aikoxy, or lower (C1-C5) thioalkoxy groups. 

N-Acyl derivatives are also prepared from the dihydro derivatives of the LL-E33288 antibiotics, namely, 
dihydro-LL-E33288a 2 Br t dihydro-LL-E332880i Br , dihydro-LL-E33288 Y i Br , dihydro-LL-LL-E33288a 2 ', dihydro- 
LL-ESaaSS^i 1 . dihydro-LL-E332887i and dihydro-LL-E332885i of parent application Serial No. 004,154. 

As an example, reaction of LL-E33288?i ' with acetic anhydride in methanol produces N-acetyl-LL- 
E3328871 1 while the reaction of LL-E332885i' with the mixed anhydride of acetic acid and formic acid 
produces N-formyI-LL-E332885i , l both potent new antitumor antibiotics. The reaction of dihydro-LL- 
E3328871 1 with acetic anhydride in methanol produces N-acetyl-dihydro-LL-E332887i'. N-Acetyl-dihydro-LL- 
E3328871 1 is also produced by the reaction of N-acetyl-LL-E332887i ' with sodium borohydride under th 
conditions described in Serial No. 004,154. Some of the chemical structures of the N-Acyl derivatives of the 
LL-E33288 and the dihydro- LL-E33288 anticancer antibiotics are shown in Table II below: 

Table II 

Proposed Structures for the N- Acvl Derivatives of the 
LL-E332BB and d ihvdro LL-E33288 Antibiotics 
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Table II (Cont'd) 
Proposed Structures for the N-Acvl De rivatives of thg 
LL-E33288 and dihvd ro LL-E33288 Antibiotics 



Designation R 2 R 4 R g x 



N-Acyl-dihydro 
LL-E33288a 2 I 
N-Acyl Ii-E3 3288a 2 I 
N-Acy 1 -d ihy dro 
LL-E33288^ 1 I 
N-Acyl LL-E33288^ 1 1 
N-Acyl-dihydro 
LL-E33288i 1 I 
N-Acyl LL-E33288TJ 1 
N-Acyl-dihydro 
LL-E33288« 1 I 
N-Acyl LL-E332885J 1 
N-Acyl-dihydro 
LL-E33288a 2 Br 
N-Acyl LL-E33288a 2 Br 
N-Acyl-dihydro 
LL-E332880 1 Br 
N-Acyl LL-E33288^ 1 Br 
N-Acyl -dihy dro 
LL-E332887 1 Br 
N-Acyl LL-E33288'y 1 Br 
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C 2 H 5 




OH 
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C 2 H 5 
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(CH 3 ) 


2 CH 


OH 
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2 CH 
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X 


R 3 


C 2 H 5 
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R 3 


C 2 H 5 






=0 
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R 3 


CH 3 




OH 
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R 3 


CH 3 
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C 2 H 5 




OH 


H 


Br 
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C 2 H 5 






=o 


Br 


R 3 


(CH 3 ) 


2 CH 


OH 


H 


Br 


R 3 


(CH 3 ) 


2 CH 




=0 


Br 


R 3 


C 2 H 5 




OH 


H 


Br 


R 3 


C 2 H 5 






=0 


Br 



R = hydrogen or a branched or unbranched alkyl (C^-C^o) 
or alkyl ene (^""C^q) 9 rou P' an ar Y 1 or heteroaryl 
group, or an aryl-alkyl (C^-Cg) or heteroaryl -alkyl 
(C 1 -C 5 ) group , all optionally substituted by one or 
more hydroxy, amino , carboxy, halo, nitro, lower 
(C 1 -C 3 ) alkoxy, or lower (C^-Cg) thioalkoxy groups. 



The physico-chemical characteristics of four of the N-acyl derivatives of the LL-E33288 antitumor 
antibiotics, namely, N-acetyl-LL-E332885i , f N-formyl-LL-E332885i l t N-acety!-LL-E33288-yi' and N-acetyf- 
dihydro-LL-E33288-p' are described below. 
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N-acetyl-LL-E332885i' 

a) molecular weight: 1395, determined by FABMS; 

b) molecular formula: CsGr^NaC^IS*. exact mass for M + K was determined by high resolution 
FABMS to be 1434.232 for CsshUBaOzalSiK: and 

c) proton magnetic resonance spectrum: as shown in Figure I (300 MHz, CDCIa). 

N-formyl-LL-E332885i ' 

a) molecular weight: 1381, determined by FABMS; 

b) molecular formula: C55H72N3O22IS4, exact mass for M + H was determined by high resolution 
FABMS to be 1420.217 for C55H 7 3N 3 022lS4K; and 

c) proton magnetic resonance spectrum: as shown in Figure II (300 MHz, CDCb). 

N-acetyl-LL-E33288-yi 1 

a) molecular weight: 1409, determined by FABMS; 

b) molecular formula: C57H7GN3O22IS4, exact mass for M + H was determined by high resolution 
FABMS to be 1410.2954 for C57H77N3O22IS*; 

c) Ultraviolet absorption spectrum: as shown In Figure III (methanol); 

d) Infrared absorption spectrum: as shown in Figure IV (KBr disc); 

N-acetyl-LL-E332887i' 

e) Proton magnetic resonance spectrum: as shown in Figure V (300 MHz, CDCb): 

f) Carbon-13 magnetic resonance spectrum: as shown in Figure VI (75.43 MHz, CDCb, ppm from 
TMS) significant peaks as listed below: 



14.0 q 


17.6 q 


17.7 q 


19.0 q 


22.4 q 


223 q 


25.4 q 


36.7 t 


36.9 t 


39.2 t 


47.6 t 


51.6 d 


5Z4 q 


53.1 t 


57.0 q 


57.2 q 


58.8 t 


60.9 q 


61.7 q 


64.4 d 


67.0 d 


68.1 d 


68.4 d 


69.0 d 


69.1 d 


70.5 d 


71.1 d 


71.7 s 


71.9 d 


72.4 d 


77.6 d 


80.8 d 


83.2 s 


87.0 s 


93.5 s 


97.9 d 


98.1 s 


99.7 d 


100.9 s 


101.3 d 


102.6 d 


123.2 d 


124.5 d 


127.1 d 


130.2 s 


133.4 s 


1363 s 


142.9 s 


143.0 s 


150.6 s 


151.5 s 


155.0 s 


1723 s 


191.9 s 



192.1 s 



N-acetyl-dihydro-LL-E33288-yi ' 

a) Ultraviolet absorption spectrum: as shown in Figure Vfl (methanol); 

b) Proton magnetic resonance spectrum: as shown in Figure VIII (300 MHz, CDCb). 

The N-acyl derivatives of the LL-E33288 antitumor antibiotics are most conveniently characterized by 
high-performance liquid chromatography (HPLC) and by thin-layer chromatography (TLC). 

The preferred analytical HPLC system for the characterization of some of the N-acyl derivativ s of the 
LL-E3328B antitumor antibiotics is shown below: 
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Column: Analytichem Sepralyte Cis,5u, 4.6 mm x 25 cm 
Mobile Phase: (X2M aqueous ammonium acetate. pH 6.0: acetonitrile, 50:50 
Flow Rate: 1.5 ml/minute 
Detection: UV 254 nm and UV 280nm 
5 Table III gives the approximate retention times of some of the N-acyl derivatives of the LL-E33288 
antitumor antibiotics: 

Table 111 



N-acyl-LL-E33288 
Antitumor Antibiotics 


Retention Time 
(minutes) 


N-acety l-LL-E33288?i ' 


6.6 


N-f ormyl-LL-E33288 7 i 1 


6.2 


N-acetyl-LL-E332885i' 


4.5 


N-formyl-LL-E332885i' 


4.2 


LL-E33288 7 i' 


8.0 


LL-E332885i' 


6.0 



The preferred TLC system for the characterization of the N-acyl derivatives of the LL-E33288 antitumor 
antibiotics is shown below: 

Adsorbent Whatman High Performance TLC (HPTLC) plates, type LHP-KF; 
Detection: Visualized by quenching effect under short wavelength UV lamp (254 nm); 
Solvent System: Ethyl acetate saturated with 0.1 M aqueous phosphate buffer at pH 7.0. 

Table IV gives the approximate Rf values of some of the N-acyl derivatives of the LL-E33288 antitumor 
antibiotics in the TLC system above: 

Table IV 



N-acyl-LL-E33288 Antitumor Antibiotics 


Rf 


N-acetyl-LL-E33288ri ' 


0.53 


N-formyl-LL-E332B8 7 i' 


0.53 


N-acetyl-LL-E332885i' 


0.25 


N-formyl-LL-E332B86i 1 


0.31 


N-acetyl-dihydro-LL-E33288 Y i ' 


0.38 


N-monomethylsuccinyl-LL-E332887i' 


0.42 


LL-E33288Y! 1 


0.25 


LL-E332885! 1 


0.14 



The N-acyl derivatives of the LL-E33288 antitumor antibiotics are useful as antibacterial agents. The in 
45 vitro antibacterial activity of N-acetyl-LL-E332885i N-formyl-LL-E33288«i 1 and N-acetyl-LL-E33288n \ was 
determined against a spectrum of gram-positive and gram-negative bacteria by a standard agar dilution 
method. Mueller-Hi nton agar containing two-fold decreasing concentrations of the antibiotics was poured 
into petri plates. The agar surfaces were inoculated with 1 to 5 x 10 + colony forming units of bacteria by 
means of a Steers replicating device. The lowest concentration of N-acyl-LL-E33288 antitumor antibiotic that 
so inhibited growth of a bacterial strain after about 18 hours of incubation at approximately 35* C was recorded 
as the minimal inhibitory concentration (MIC) for that strain. The results are summarized in Table V. 
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The N-acyl derivatives of the LL-E33288 antitumor antibiotics are aiso activ as antitumor agents as 
determined in the Biochemical Induction Assay (BIA), a bacterial assay system which specifically measures 
the ability of an agent to directly or indirectly initiate DNA damage. The indicator organism for this test is an 
E. colilambda lysogen, genetically constructed such that a DNA damaging event results in the expression of 
the gene for the enzyme 0-glactosidase. This enzyme can be determined qualitatively or quantitatively by a 
biochemical assay as an indication that DNA damage has occurred. 

A modified version of the quantitative liquid BIA disclosed by Elespuru, R. and Yarmolinsky, M., 
Environmental Mutagenesis, 1 f 65 (1979) was used to evaluate these compounds. 

Certain in vivo testing systems and protocols have been developed by the National Cancer Institut for 
testing compounds to determine their suitability as antineoplastic agents. These have been reported in 
"Cancer Chemotherapy Reports". Part III, Vol. 3, No. 2 (1972), Geran, et. al. These protocols have 
established standardized screening tests which are generally followed in the field of testing for anti-tumor 
agents. Of these systems, lymphocytic leukemia P388, melanotic melanoma B16 and colon 26 adenocar- 
cinoma are particularly significant to the present invention. These neoplasms are utilized for testing as 
transplantable tumors in mice. Generally, significant anti-tumor activity, shown in these protocols by a 
percentage increase of mean survival times of the treated animals (T) over the control animals (C), is 
indicative of similar results against human leukemias and solid tumors. 



Lymphocytic Leukemia P388 Test 

The animals used were BDFi mice, all of one sex, weighing a minimum of 17 g and all within a 3 g 
weight range. There were 5 or 6 mice per test group. The tumor transplant was by intraperitoneal injection 
of 0.5 ml of dilute ascitic fluid containing 10 s cells of lymphocytic leukemia P388. The test compounds were 
administered intraperitoneally in a volume of 0.5 ml of 0.2% Klucel in normal saline on days 1 , 5 and 9 
(relative to tumor inoculation) at the indicated doses. The mice were weighed and the survivors recorded on 
a regular basis for 30 days. The median survival time and the ratio of survival time for treated (T)/control (C) 
animals were calculated. The parent antitumor antibiotic, LL-E33288 T i ', was used as positive control. 

The test results of N-acetyl-LL-E332885i N-formyl-LL-E332885i l and N-acetyl-LL-E332887i ' are sum- 
marized in Table VI. If T/C x 100 (%) is 125 or over, the tested compound is considered to have significant 
anti-tumor activity. 
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Table VI 
Lymphocytic leukemia P3 88 Test 



10 



Compound 



Dose 
(mg/Kg) 



Median 
survival 
(days) 



T/C X 100 
(%) 



15 



20 



saline 



N-acetyl-LL-E332885i I 



0.1 

0.05 

0.025 

0.0125 

0.006 



11.0 

13.0 
29.5 
26.0 
20.0 
20.0 



118 
268 
236 
182 
182 



25 



30 



N-acetyl-LL-E332885iI 



0.1 

0.05 

0.025 

0.0125 

0.006 



11.5 
30.0 
25.0 
23.0 
19.5 



105 
273 
227 
209 
177 



N-formyl-LL-E332885i I 



35 



0.1 

0.05 

0.025 

0.0125 

0.006 



12.5 
27.0 
223 
21.0 
20.5 



114 
245 
205 
191 
186 



LL-E33288yiI 



45 



0.01 
0.005 
0.0025 
0.00125 



13.0 
25.0 
30.0 
26.5 



118 
227 
273 
241 



so 



55 
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Table VI ^Cont'd! 
Lymphocytic Leukemia P388 Test 



70 



saline 
N-acetyl-LL-E33288yiI 



75 



20 



25 



LL-E332887iI 



0..08 

0.04 

0.02 

0.005 

0.0025 

0.00125 

0.01 

0.005 

0.0025 

0.00125 

0.0006 



11.0 

18 

29.5 

28.0 

17.5 

14.0 

13.5 

22.5 
26.0 
24.5 
21.0 
19.0 



164 
268 
255 
159 
127 
123 

205 
236 
223 
191 
173 



30 



35 



40 



Malanotic Melanoma B16 Test 

The animals used were BDFi mice, all of the same sex, weighing a minimum of 17 g and all within a 3 
g weight range. There are normally 6 animals per test group. A 1 g portion of melanoma B16 tumor was 
homogenized in 10 ml of cold balanched salt solution and a 0.5 ml aliquot of the homogenate was 
implanted intraperitoneally into each of the test mice. The test compounds were administered in- 
traperitoneally on days 1 through 9 (relative to tumor inoculation) at various doses. The mice were weighed 
and survivors recorded on a regular basis for 60 days. The median survival time and the ratio of survival 
time for treated (T)/control (C) animals was calculated. The parent antitumor antibiotic LL-E33288Tri' was 
used as positive control. 

The test results of N-acetyl-LL-E33288Si ' and N-acetyl-LL-E33288?i 1 are summarized in Table VII. If 
T/C x 100 (%) is 125 or over, the tested compound is considered to have significant anti-tumor activity. 
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TabJle VIS 
Melanotic Melanoma B16 Test 



Compound 
saline 
N-acetyl-LL-E33288SiI 



LL-E33288Y1 1 



Dose 
(mg/Kg) 



0.025 

0.0125 

0.006 

0.003 

0.0015 

0.0025 

0.00125 

0.0006 

0.0003 

0.00015 



saline 



N-acetyl-LL-E33288YiI 



0.025 

0.0125 

0.006 

0.003 

0.0015 

0.0007 

0.00035 

0.00017 



Median 
survival 
(days) 

HZ 

35.5 
27.5 
26.0 
25.0 
21.5 

39.0 
39.0 
35.0 
29.5 
24.5 

21.0 

26.0 
38.0 
39.0 
33.5 
26.5 
26.0 
24.5 
23.5 



T/CX100 
(%) 



169 
131 
124 
119 
102 

186 
186 
167 
140 
117 



124 
181 
186 
160 
126 
124 
116 
112 
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Table VII rcont'dl 
Melanotic Melano ma B16 Test: 



5 



70 



LL-E33288Y1 1 



0.005 

0.0025 

0.00125 

0.0006 

0.0003 

0.00015 

0.00007 

0.00003 



8.0 
27.0 
41.5 
45.0 
35.5 
35.0 
34.5 
31 



38 
129 
198 
214 
169 
167 
164 
148 



75 



20 



25 



Colon 26 Adenocarcinoma Test 

The animals used were CD 2 Fi female mice weighing a minimum of 17 g and all within a 3 g weight 
range. There were 5 or 6 mice per test group with three groups of 5 or 6 animals used as untreated 
controls for each test. The tumor implant was by intraperitoneal injection of 0.5 ml of a 2% colon 26 tumor 
brei in Eagle's MEM medium containing antibacterial agent The test compounds were administered 
intraperttoneally on days 1 , 5 and 9 (relative to tumor implant doses). The mice were weighed and deaths 
recorded on a regular basis for 30 days. The median survival times for treated (T)/control (C) animals were 
calculated. The parent antitumor antibiotic LL-E33288-yi 1 was used as positive control. 

The test results of N-acetyl-LL-E332885i 1 are summarized in Table VIII. If T/C x 100 (%) is 130 or ov r, 
the tested compound is considered to have significant antitumor activity. 
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70 



75 




^^.£332888,1 



20 



25 



30 



35 



10 



0.05 
0.025 
0.0125 
0.006 
0.003 
0.0015 
0.0007 

0.01 

0.005 

0.0025 
0.00125 
0.0006 
0.0003 

0.00015 



22.5 

40.0 

21.0 

24.5 

19.0 

19.0 

19.0 



141 

250 

131 

153 

119 

119 

119 



14.0 
35.0 
21.5 

24.0 

19.5 

18.0 

17.5 



The ii 



88 
219 
134 
150 

122 

113 

109 
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61 '. 



was precipitated by addition of hexanes to give 604 mg of crude N-ac tyl-LL-E33288«i 

The crude N-acetyl-LL-E332885i' above was dissolved in 8 ml of acetonitrile:0.2M ammonium acetate. 
pH 6 0 (35:65) and was chromatographed in four batches on a Sepralyte Ci 8 column (1.5 x 21 cm). The 
columns were eluted at 10 ml/min. first with acetonitrile:0.2M ammonium acetate pH 6.0 (35:65) for 30 
minutes followed by a linear gradient to acetonitrile:0.2M ammonium acetate, pH 6.0 (40:60) over 60 
minutes. Throughout the chromatography the column eluents were monitored at UV 2M nm and fractions were 
collected every 2.5 minutes. Peak fractions were analyzed by HPLC and those containing pure N-acetyl-LL- 
E33288S,' according to the HPLC analysis were pooled and concentrated in vacuo to remove acetonrtnle. 
The N-acetyl-LL-E33288S,' present in the aqueous mixture was extracted into ethyl acetate and the thyl 
acetate phase was dried over anhydrous sodium sulfate, concentrated to a small volume and was 
precipitated by addition of hexanes to give 161 mg of semi-purified N-acetyl-LL-E33288«i . 

TLC analysis (E. Merck Silica gel 60 F 25 * precoated aluminum sheets. 0.2 mm. 3% isopropanol in ethyl 
acetate saturated with 0.1 M potassium dihydrogen phosphate, detected by bioautography usmg the agar 
biochemical induction assay) showed that the semi-purified N-acetyl-LL-E332886 1 l sample from above 
contained trace amounts of unreacted LL-E332885,' sample from above contained trace amounts of 
unreacted LL-E33288S. The semi-purified N-acetyl-LL-E332885,' (160 mg) was dissolved in 1 ml of ethy 
acetate and chromatographed on a Bio-Sil A (20-44 u. Bio-Rad Laboratories) column (1.5 cm x 90 cm 
packed and equilibrated with ethyl acetate. The column was first eluted with ethyl acetate at a flow rate o 
3 6 ml/minute for 3.5 hours, collecting 18 ml fractions. The eluent was changed to 3% isopropanol in ethyl 
acetate saturated with 0.1 M potassium dihydrogen phosphate and elution continued for another 3.5 hours. 
The fractions were analyzed by TLC as before and those contain pure N-acetyl-LL-E332888i (fract.ons 58- 
64) were pooled, concentrated in vacuo to dryness, redissolved in a small amount of ethyl acetate and was 
precipitated by addition of hexaFestogive 118 mg of analytically pure N-acetyl-LL-E33288«, '. contaimng no 
detectable amounts of the un-acylated parent antitumor antibiotic. The proton magnetic resonance spectrum 
is shown in Rgure I. 



Example 2 



Preparation and purification of IM-formyl-LL-E332883i ' 

The mixed anhydride of acetic acid and formic acid was freshly prepared by addition of 200 ul of 
formic acid dropwise to 400 ul of acetic anhydride cooled in an ice water bath. The reaction mixture was 
then warmed at 50 *C for 5 minutes to complete the anhydride exchange and was then kept at 0 C. me 
mixed anhydride of acetic acid and formic acid (100 ul) prepared above was added dropw.se to a strr d 
methanolic solution of partially purified LL-E332885,' (92 mg. 45% pure, in 30 ml) cooled ir .an ice-water 
bath. The reaction mixture was allowed to stir at 0 C for 45 minutes, hexanes (20 ml) was then added to 
the reaction mixture and the mixture was concentrated in vacuo to mean dryness. The residue was 
redissolved in ethyl acetate and precipitated by addition of hexanes to give a chunky, sticky preaprtate 
which was collected by centrifugation. The precipitate was redissolved in a small amount of ethyl acetate 
and precipitated again by addition of hexanes to give crude N-formyl-LL-E332885, . 

The crude N-formyl-LL-E332885, , sample from above was partially purified by preparative TLC on silica 
gel (two of Analtech Silica Gel GF precoated plates. 2.000 u. 20 x 20 cm) elutJng with ethyl acetate 
saturated with phosphate buffer at pH 7.0. The desired band was excised and the N-formyl-LL-E3328B5i 
was recovered by washing the silica gel with methylene chloride:methanol (80:20) to give, upon workup, 110 
mq of partially purified N-formyl-LL-E33288Si'. 

Thr P artially purified N-formyl-LL-E3328B6,' from above was dissolved in 1 ml of acetonitnle:ammon.um 
acetate. pH 6.0 (35:65) and was chromatographed on a Sepralyte C 18 column (1.5 x 20 cm). Th 'column 
was eluted at 8 ml/minute with acetonitrile:0.2M ammonium acetate. pH 6.0 (35:65) for 1.75 nours. 
monitoring at UV^nn, and collecting 20 ml fractions. Peak fractions were analyzed by HPLC and those 
containing pure N-formyl-LL-E33288ii' according to the HPLC analysis were pooled and co ^nftBted in 
vacuo to remove acetonitrile. The cloudy aqueous mixture, containing N-formyl-LL-E33288S 1 was extracted 
wWithyl acetate and the ethyl acetate phase was concentrated to dryness. The residue was redissolved in 
methylene chloride, dried over anhydrous sodium sulfate, concentrated and precipitated by addition ot 
hexan s to give 36.5 mg of semi-purified N-formyl-LL-E332885i 
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TLC analysis (E. Merck Silica gel 60 F254 precoated aluminium sheets. 0.2 mm, 3% isopropanol in 
ethyl acetate saturated with 0.1 M potassium hydrogen phosphate, detected by bioautography using th 
agar biochemical induction assay) showed that the semi-purified N-formyl-LL-E332885i Sample above 
contained trace amounts of unreacted LL-E332885, 1 and -yi 1 . The semi-purified N-formyl-LL-E332885i' (36.5 
mg) was dissolved in 1 ml of ethyl acetate and chromatographed on a Bio-Sil A (20-44 u, Bio-Rad 
Laboratories) column (1 .5 cm x 23 cm) packed and equilibrated with ethyl acetate. The column was first 
eluted with ethyl acetate at a flow rate of 1 .2 ml/minute for 2 hours, collecting 6 ml fractions. The eluent was 
changed to ethyl acetate:methanoI (97:3) and elution continued for another 2 hours. The fractions wer 
analyzed by TLC (E. Merck Silica gel 60 F254 precoated aluminium sheets, 0.2 mm, 3% isopropanol in 
ethyl acetate saturated with 0.1 M potassium hydrogen phosphate, detected by spraying with a solution of 
3% cupric acetate in 8% aqueous phosphoric acid) and those contained pure N-formyl-LL-LL-E332885i 1 - 
(fractions 35-38) were pooled, concentrated in vacuo to dryness. The residue was redissolved in a small 
amount of ethyl acetate, and precipitated by addition of hexanes to give an N-acetyl-LL-E33288$i 1 sample 
which was still contaminated with trace amount of unreacted LL-E3328871 1 . This sample was chromatog- 
raphed again on a Bio-Sil A column (0.8 x 20 cm) packed and equilibrated with ethyl acetate. The column 
was eluted with ethyl acetate at a flow rate of 1.2 ml/minute for 4 hours, collecting 6 ml fractions. The 
fractions were analyzed by TLC as before and those contained pure N-formyl-LL-E332885i* (fractions 14-33) 
were pooled and worked up as before to give 12.2 mg of analytically pure N-formyl-LL-E332885i 
containing no detectable amounts of the un-acylated parent antibiotic. The proton magnetic resonance 
spectrum is displayed in Figure II. 



Example 3 



Preparation and purification of N-formyl-LL-E332885i ' 



The mixed anhydride of acetic acid and formic acid (750 ul) freshly prepared as described in Example 
2 was added dropwise to a stirred methanolic solution of partially purified LL-E332885i' (689 mg, 70% pure, 
in 50 ml) cooled in an ice-water bath. The reaction mixture was allowed to stir at 0* C for one hour, excess 
hexanes was then added to the reaction mixture and the mixture was concentrated In vacuo to about 75 ml. 
Ethyl acetate (about 200 ml) was added to the solution and the mixture was concentrated to about 50 ml 
and crude N-formy!-LL-E3328B5i I (676 mg) was precipitated by addition of 300 ml of hexanes. 

The crude N-formyl-LL-E332885i l was dissolved in 3 ml of ethyl acetate and chromatographed on a 
Bio-Sil A (40-80 ix) column (2.5 x 95 cm) packed and equilibrated in ethyl acetate. The column was luted 
at 10 ml/min with ethyl acetate until the yellow band was off the column (1.75 hours). H was then eluted at 5 
ml/min with ethyl acetate saturated with 0.1 M potassium dihydrogen phosphate for another 5 hours. 
Throughout the chromatography 20 ml fractions were collected. The fractions were analyzed by TLC (E. 
Merck Silica gel 60 F254 precoated aluminium sheets, 0.2 mm. 3% isopropanol in ethyl acetate saturated 
with 0.1 M potassium dihydrogen phosphate, detected by spraying with a solution of 3% cupric acetate in 
8% aqueous phosphoric acid and the major N-formyl-LL-E332885i' containing fractions (92-98) were pooled 
and worked up by concentration and precipitation to give 294 mg of partially purified N-formyl-LL- 
E332885i'. TLC analysis (detected by bioautography using the agar biochemical induction assay) of this 
sample showed it to be free of any unreacted LL-E332885i l 

The partially purified N-formyl-LL-E332885i 1 was dissolved in 4 ml of acetonitrile:0.2M ammonium 
acetate, pH 6.0 (35:65) and was chromatographed in two batches on a Sepralyte Ci8 column (1.5 x 45 cm) 
equilibrated with acetonitrile:0.2M ammonium acetate, pH 6.0 (35:65). The column was eluted at 8 ml/min 
with th same solvent for 3 hours, monitoring at UVawnm and collecting 20 ml fractions. Peak fractions were 
analyzed by HPLC and those containing pure IM-formyl-LL-E332885i l according to the HPLC analysis were 
pooled and concentrated in vacuo to remove acetonitrile. The N-formyl-LL-E332885i' present in the aqueous 
mixture was extracted into ethyl acetate and worked up by concentration and precipitation to give 161 mg 
of pure N-formyl-LL-E332885i'. The proton magnetic resonance spectrum is displayed in Figure II. 



Example 4 
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TO 



75 



Preparation of N-acetyl-LL-E33288yi 1 



EaaaS^ nol^Jt ml) W3S add8d dr ° pwise t0 a ™thanolic solution of partially purified LL- 

JnH * J? o w h0ur ' thBn warmed s,ow| y t0 room temperature and the reaction was allowed to 
contnue for another 2 hours. The reaction mixture was then concentrated in vmJ^ZfZSSZVi 
taken up , n a nocture of 100 ml each of dichloromethane and water. The aque^phase7JneuSlS 

USS^T ^ SeParated ' ^ anhydr ° US SOdium M ' concentrated to a smi vo^me 
and the product was precipitated by addition of hexanes to give 1.18 g of 80% pure N-acetvl-LL-^S 

be fr PU 1 fied fol,owina Drocedu ™ bribed in Example 1 togive pure 
ultraviolet, infrared, proton and carbon-13 spectrums are displayed In Figures lll-VI 



Example 5 



20 



Preparation of N-formyl-LL-E33288-ri ' 



25 



30 



35 



2 JTL^ anhydnde of acetic acid and formi ° acid (100 iti) freshly prepared as described in Example 

a f mLSnn? TT 3 methan °' iC S ° ,Uti ° n ° f "■W-fr LL-E33288 T , ' (4MnJ. Slo rS 

f° 7 30 bath - 1,18 reaCti0n mixture was al,owed to * « 0-C for one hou 

fo owed by at room temperature overnight. It was then concentrated to dryness, redissolved in a smal 

CO nr«nL^ e ^ T"* a,,OWed t0 rtr at r00m tem P«««"re for 2 hours and was worked up by 
concentration and prestation as described before to give crude N-formvl-LL-E33288., ' a9 anT^ 

rZ^t^r^'T^' ^ PUrifiSd by S - x 20 cm 225 

Slen nhotnLr^ ' ^ "" h 3% '^P 8 " 0 ' in «hyl acetate saturated with 0.1M potessium 
dihydrogen phosphate to give semi-purified N-formyl-LL-E3328&y, '. 

Example 6 



45 



so 



55 



Preparation of N-acetyl-dihydro-LL-E33288-yi 1 

A 2 ml portion of methyl iodide was added to a solution of 25 mg of N-acetyl-LL-E33288v,' fDreoared 
as descnbed ,n Example 4) in 8 ml of absolute ethanol and the mixture was cooled in aficWa e baT?o 
m,s was added one ml of a 0.4M ethanolic solution of sodium borohydride in two e^aTpSTns S'tte 

borl O lZ, C0mPl ^ (1 ° minUteS ^ 3dditi0n ° f *" Second P° rton * sodi ™ borohyd^lution" ll 
nlSon Z ^ i eCOmposed by * e ■*■*« * 400 ul of a 4M ethano.ic solution of acetic add The 
aStT Z?h T , C0 " centrated to a 9° lde " V a »™ residue which was redissolved in 10 ml of e*yl 
vedTe^rir 1 m ° ? h ^ ome * ane and to dryness. This residue was redisroV 

to a ive ^ off "* ^ ° ff ' 8nd *• SOlution was concentrated to dryness 

to give an off-white solid wh.ch was suspended in 4 ml of water and passed through a Bond ElutTM . 
(AndytJchem International) C, 8 cartridge. The cartridge was sequentially eluted witt 4 m" each of water 
met^no.:water (1:1) and methanol. The methanol eluate. coining most of tht i£5SJ£S 
^ , lr aS , COnC8ntrated t0 9ive 30 off - wnite solid «™1 was further purified by preoarative TLC 
a^rri V °* S* 20 Cm> u ,ayer acetate:meCo.. 5w35E?S give 

anaiytca y pure N. a cety»-d l hydro-LL-E33288 Y1 '. The proton magnetic resonance spectrum is Tspayed in 
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Example 7 



10 



is 



20 



25 



Preparation of N-monomethylsuccinyl-LL-E33288yi ' 



soJo^ e f r ° f SUCCinic acid < 55 m 9> w as added in three portions to a 



Claims 

1 . A compound of the formula 



„ 9 

R-C-N-W 
I 

*2 



wherein W is 




45 



™ ° 9en or 1 a , bran = hed or ""branched alkyl (C,-C 10 ) or alkylene (C,-C 0 ) group, an aryl or heteroarvl 
group, or an ary.-alkyl (C,-C s or heteroary.-a.ky. (C-C,) group, all optionaily substSuSVby one o? m^e 
hydroxy, amino, carboxy, halo, nitro. lower (C-Ca) alkoxy, or lower (C,-Cs) thioalkoxy groups? R° i H oT 




2 iodfn^o 5 rn° r " ° H * '^^ - * «*"*»—' - a carbony,; and X is 

65 2. A compound according to Claim 1 of the formula: 
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0 
II 

R-C-N-W 
R 2 



10 



which is the antitumor antibiotic N-acetyl-LL-E332SflJ5, ' w **r ain «/ ■ u . , 

ceiy, ll t=332B8B, , wherein W is hereinbefore defined; R is CH 3 ; r, i. 




is 



15 



OCH, 



OH 



20 



25 



a^a otton toB "* r ' S 8 Carbon >* X is «««"• and having- 
2 I ™ ^ 9n8t,C rasonance spectrum as shown in Figure J 
b a molecular weight of 1395 as determined by FAB MS- 

resolution FA^MS tlJ^^S^* " ~ "« * ^ as determined by high 
"'-"^ ;An r Chem SePra ' yte « - x 25 cm 

saturated with 0, M Z^S££™* 7 ^£22 ^ eth V' acetate 

3. A compound according to cLn 1 of ^.e formula: ' US ' n9 3 254 " m UV ,amp " 



- 8 

R-C-N-W 
*2 



35 



* to an*™ a*** N-fbmiy(-LL-E33288Si ■ , W it ^ R H; R, is 




45 aU Dmtonm?„nl " t09elhBr iS 3 X is iodi "° ^d having: 

b a ST7 MC res °"ance spectrum as shown in Figure II- 
b a molecular we.eht of 1381 as determined by FAB-MS; 

^ ^^^^S^^^ « ~ * M + K as determined by high 

50 co,umn^r a r b i,e^rof sstiiEss^ sepra,yte *■ 4 - e 

having a flow ,e of i s minute " ^ ~ - 

ac -^Xo&^SiS^JSo™ ~pe LHP-KF using ethy, 
ss 4. A compound according to Claim ^SrSSS^ * V ' SUa " 2 d "** a 254 " m UV ^ 
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0 
II 

R-C-N-W 

L 



which is the antitumor antibiotic N-acetyl-LL-E33288Yi wherein W is hereinbefore defined; R is CH 3 ; R, is 



10 

° CH '1>H 

15 



R 2 is C 2 H 5 ; FU and R s taken together is a carbonyl; X is iodine and having: 

a) a ultraviolet spectrum as shown in Figure III; 

b) an infrared absorption spectrum as shown in Figure IV; 

20 c) a proton magnetic resonance spectrum as shown in Figure V; and 

d) a carbon-13 magnetic resonance spectrum as shown in Figure VI with significant peak listed as: 





14.0 q 


17.6 q 


17.7 q 


19.0 q 


22.4 q 


22.8 q 


25 


25.4 q 


36.7 t 


36.9 t 


39.2 t 


47.6 t 


51.6 d 




52.4 q 


53.1 t 


57.0 q 


57.2 q 


58.8 t 


60.9 q 


30 


61.7 q 


64.4 d 


67.0 d 


68.1 d 


68.4 d 


69.0 d 




69.1 d 


70.5 d 


71.1 d 


71.7 s 


71.9 d 


72.4 d 




77.6 d 


80.8 d 


83.2 s 


87,0 s 


935 s 


■ 97.9 d 


35 


98.1 s 


99.7 d 


100.9 5 


101.3 d 


102.6 d 


123.2 d 




1243 d 


127.1 d 


1302 s 


133.4 s 


1365 s 


142.9 s 


40 


143.0 s 

192.1 s 


150.6 s 


1515 5 


155.0 s 


1725 s 


191.9 s 



e) a molecular weight of 1409 as determined by FAB-MS; 
45 f) a molecular formula of C57H76N3O22IS4 with an exact mass for M + H as determined by hioh 

resolution FAB-MS to be 1410.2954 for Cs/HyeNaC^IS^ 

g) a retention time of 6.8 minutes by HPLC using an Analytichem Sepralyte C, B . 5u. 4.6 mm x 25 cm 
column with a mobile phase of 0.2M aqueous ammonium acetate at pH 6.0 f made 1:1 with acetonitrile and 
having a flow rate of 1.5 ml/minute with UV detection at 254 mm and 280 nm; and 
50 h) a Rf of 0.53 on Whatman High Performance TLC (HPTLC) plates, type 1 HP-KF using ethyl acetate 

saturated with 0.1 M aqueous phosphate buffer at pH 7.0, visualized using a 254 nm UV lamp. 
5. A compound according to Claim 1 of the formula: 



55 



20 
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O 
II 

R-C-N-W 

5 R 2 

which is the antitumor antibiotic IM-acetyi-dihydro-LL-E33288 7 i wherein W is hereinbefore defined; R is 
CH 3 ; R, is 

TO 



OCH, 




OH 



R 2 is C 2 H 5 ; R* is OH; R s is H; X is iodine; and having 

a) a ultraviolet absorption spectrum as shown in Figure VII; 
20 b) a proton magnetic resonance spectrum as shown in Figure VIII, and 

c) a Rf of 0.38 on Whatman High Performance TLC (HPTLC) plates, type LHP-KF using ethyl acetate 
saturated with 0.1 M aqueous phosphate buffer at pH 7.0, visualized using a 254 nm UV lamp. 
6. A process for producing an N-acyl derivative of the formula: 



0 
ii 

R-C-N-U 

I 

30 ^2 



wherein W is 




R is hydrogen or a branched or unbranched alkyl (C1-C10) or alkylene (C1-C10) group, an aryl or heteroaryl 
group, or an aryl-alkyl {C1-C5) or heteroaryl-alkyl (C1-C5) group, all optionally substituted by one or more 
hydroxy, amino, carboxy, halo, nitro, lower (C1-C3) alkoxy, or lower (C1-C5) thioalkoxy groups; R1 is H or 



55 
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5 




R 2 is CH 3 , C 2 H 5 or CH(CH 3 )2; Ra is OH when R 5 is H or R* and R 5 taken together are a carbonyl; and X is 
an iodine or bromine atom prepared from a compound of the formula: 

70 

H-N-U 
I 

15 

and designated as the antibiotic LL-E33288, a2 Br , 0i Br , ?i Br . "2*. yi 1 . and their dihydro counterparts 
which comprises 
reacting the antibiotic 

20 

H-N-U 



25 




with an appropriately substituted anhydride, acid chloride, the mixed anhydride of acetic and formic acids or 
the anhydride of the monomethyl ester of succinic acid in methyl alcohol at a temperature of between -5* C 
3Q to about +5° C for a period of one hour and at ambient temperature for one to twenty four hours, 
precipitating from ethyl acetate with hexanes, 
purifying by chromatography, 
or to prepare the dihydro counterparts 
reacting the N-acyl derivative of the formula: 

35 

O 
II 

R-C-N-W 



40 




from those of the above in a methyl iodide, alcohol solution at a temperature of between -5°C to about 
+ 5° C, with an alcoholic solution of sodium borohydride from 5 minutes to 5 hours, 
decomposing the borate complex with ethanolic acetic acid and 
purifying the desired dihydro product by chromatography. 

7. A process according to Claim 6 for producing a compound of the formula- 



50 



0 

R— C — N — W 



where R is CH 3 or H; R 2 is CH 3( CH3CH2 or (CH 3 ) 2 CH, by reacting 
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S 

H — C — N — W 
I 



*2 



where R2 is CH 3 , CH 3 CH 2 or (CHs^CH, with acetic anhydride or the mixed anhydride of acetic and formic 
acids in methanol at -50 to +5* C for about one hour. 

8. A process according to Claim 6 for producing a compound of the formula: 



O 

R — C — N — W (dihydro) 



where R is CH 3 or H; R 2 is CH 3 , CH3CH2 or (CH a ) 2 CH, by reacting 



O 

n 

R — C — N — W 

*2 



where R2 is CHa. CHaChfe or (CHafeCM with sodium borohydride in an alcoholic solution at -5* C to about 
+ 5° C from 5 minutes to 5 hours. 

9. A method of treating bacterial infections in warm-blooded animals which comprises administering to 
said animals an antibacterially effective amount of a compound of the formula: 



0 

I) 

R-C-N-U 



wherein W is 




OCX, 



R is hydrog n or a branched or unbranched alkyl (C1-C10) or alkylene (C1-C10) group, an aryl or heteroaryl 
group, or an aryl-alkyl (Ci-Cs) or het roaryl-alkyl (Ci-Cs) group, all optionally substituted by on or more 
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hydroxy, amino, carboxy, halo, nitro, lower (C1-C3) alkoxy, or lower (C1-C5) thioalkoxy groups; R1 is H or 



CH, 
HO 




OCH 



OH 



10 Rz is CH3. C2H5 or CH(CH3>2; R* is OH when Rs is H or R4 and R5 taken together are a carbonyl; and X is 
an iodine or bromine atom which are prepared from a compound of the formula: 

H-N-U 



75 



20 wherein 



H-N-W 



25 



I 

*2 



30 



is designated as LL-E33288, a 2 Br . 0i Br , y\ Br , a 2 \ jSi 1 , y\\ Si 1 , and their dihydro counterparts. 

10. A method of inhibiting the growth of tumors in warm-blooded animals which comprises administer- 
ing to said animals an oncolytic amount of a compound of the formula: 



35 



0 
II 

R-C-N-U 

I 



40 



wherein W is 



45 



so 





OCH, 




55 



OCH, 



R is hydrogen or a branched or unbranched alkyl (C1-C10) or alkylene (C1-C10) group, an aryl or heteroaryl 
group, or an aryl-alkyl (d-Cs) or heteroaryl-alkyl (Ci-Cs) group, all optionally substituted by one or mor 
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hydroxy, amino, carboxy, halo, nitro, lower (C1-C3) alkoxy, or lower (C1-C5) thioalkoxy groups; R1 is H or 




R 2 is CH 3( C2H5 or CH(CH 3 )2; R4 is OH when Rs is H or R* and Rs taken together are a carbonyl; and X is 
an iodine or bromine atom which are prepared from a compound of the formula: 

H-N-U 

I 

R 2 



wherein 

H-N-W 



4 



is designated as LL-E33288, a 2 Br , j8i Br , 71 Br . m\ 71 and their dihydro counterparts. 



25 



EP 0 392 376 A2 




ZD 
O 

• O 

> 2 
O 

m s 

-H > 
-< <7> 
I" 2 

i m 
m 

cm 2 
oj m 
ro to 
ao o 

00 Z 

m o 
r rn 

> cn 
- -u 

M m 
o 
-i 

3} 
C 



EP 0 392 376 A2 




EP 0 392 376 A2 




EP 0 392 376 A2 



•/• TRANSMITTANCE 




EP 0 392 376 A2 



ABSORB ANCE 







cn 


CD 


PO 


o 


O 


o 


o 


b 


T 


" 1 


— I — 


1 


i 




380 " 



400 



